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We describe a 79-year-old female with a chronic venous ulceration infected by Staphylococcus aureus and Enterococcus faecalis and not responsive to conventional treatments. The patient was treated with Methyl-Aminolaevulinate Photodynamic Therapy (MAL-PDT). After four weeks the cutaneous swabs become negative and we observed a significant clinical improvement. Therefore we suppose that MAL-PDT could represent a valid therapeutic option in the treatment of infected chronic ulcers.
Although in the last decade the management of patients with chronic cutaneous wounds has shown a significant improvement, skin ulcers still represent a relevant health problem. Wound healing is influenced by several factors such as the aetiology, the presence of associated pathologies, and, above all, a relevant bacterial load (I). Primary topical antibacterial and antiseptic agents are indicated in both prophylaxis and treatment of wound infections, but nowadays topical therapy with antibiotics has become unpopular because of the rapid increase of antibiotic-resistant bacterial pathogens due to the systemic use of antibiotics in dermatology (I). Wound infections are often treated with nonantibiotics, such as iodine, however they are not specific and can cause host tissue sensitisation (2) . This has highlighted the importance of searching for new anti-microbial strategies (I).
Photodynamic therapy (PDT), approved by the Food and Drug Administration (FDA) for the treatment of actinic keratosis and basal cell carcinoma in most European countries, as well as New Zealand and Australia (3), could also represent a new therapeutic option for the treatment of localized microbial infections (4). In general, antibacterial photodynamic therapy utilizes visible or ultraviolet light in combination with a photosensitising agent, known as photosensitizer (PS), to induce a phototoxic reaction which results in cell damage or death (2) . Photoinactivation of microorganisms is based on the concept that certain photosensitizers can accumulate in significant amounts in or at the cytoplasmic membrane, the critical target to induce irreversible damage in bacteria (2) .
MATERIALS AND METHODS
A 79-year-old female with chronic venous ulceration on her left leg ( Fig. I, A) , persisting for over 3 years, was referred to our Department of Dermatology. This wound was not responsive to conventional treatments since topical antiseptics, such as potassium permanganate soaks, silver nitrate and several bacteriostatic dressings, as well as systemic antibiotics provided no benefit. Thus, we decided to treat the patient, after informed consent, with MAL-PDT.
A skin swab from the ulcer was performed and processed according to standard microbiologic techniques in the Microbiology laboratory of "Umberto I" Hospital in Rome. In particular, the specimen was cultured on Sabouraud agar for yeasts and on routinely selective and elective culture media for bacteria and was incubated at room temperature of 37°C for 24-48 hours. Macroscopic observation of the microbial colonies, the Gram staining, the motility assay and catalase tests were performed for a rapid, general microbial identification. Successively, biochemical tests were performed using Vitek 2 (biolvlerieux, Marcy l'Etoile, France) for species identification and susceptibility determination.
The lesion was treated as follows: a 160 mg/g methyl aminolevulinic acid (MAL) cream (Metvixoo, Galderrna, France) was applied, approximately I mm thick, on the lesion and 5-10 rnrn of surrounding skin. The lesion was then covered by an adhesive, occlusive dressing for 3 hours; then the cream was removed by rinsing with saline solution. The lesion was immediately illuminated with a LED light source (Aktiliteee CLl6 & CLl28 lamps, PhotoCure ASA, Norway) which emits red light at an average wavelength of approximately 630 nm at the dosage of37 I/em",
RESULTS
The microbiological analysis of a skin swab from the ulcer, carried out before MAL-PDT treatment, revealed a co-infection with Staphylococcus aureus and Enterococcus faecalis.
The patient underwent a course of MAL-PDT every week for a total of four courses, after which we observed a significant clinical improvement (Fig. I, B ) and the skin swabs become negative. Moreover, the MAL-PDT was well tolerated with minimal discomfort to the patient consisting only in mild pain, which did not required the use of topical local anaesthesia.
DISCUSSION
The presence of bacterial infections often delays wound healing: nowadays systemic or topical antibiotics or antiseptics are the major therapeutic option; however, the worldwide rising antibiotic resistance led to the development of novel antimicrobial strategies; in fact, the literature shows that in leg ulcers the S. aureus oxacillin resistance is increasing from 24% to 50% and the P. aeruginosa ciprofloxacin resistance is rising from 9% to 24% (5). To date, photodynamic therapy could represent a new therapeutic tool for the treatment of localized bacterial infections because of the photosensitizer capability to selectively penetrate into the bacteria without damaging the surrounding tissues; a recent study conducted in vivo on a murine model showed that PDT is useful in the management of chronic infected wounds, accelerating the repair process through a significant bacterial inhibition (6) .
There is an essential difference in susceptibility to PDT between Gram-positive and Gram-negative bacteria (7) . In fact, neutral, anionic or cationic photosensitizers can kill Gram-positive bacteria, whereas only cationic photosensitizers are able to kill Gram-negative species, because of their different cell envelope. The Gram-positive species have a cytoplasmic membrane surrounded by a cell wall composed of peptidoglycan and lipoteichoic acid that allows the photosensitizer to cross, while the outer membrane of Gram-negative cell envelope forms a selective barrier which restricts the binding and penetration of many photosensitizer structures (8) .
In our patient, PDT was effective against both Staphylococcus aureus and Enterococcus faecalis, suggesting that MAL can directly promote the in vivo photoinactivation of Gram-positive bacteria, which mainly colonize skin ulcers in immunocompetent patients (9) . S. aureus has high affinity for human host thanks to its capability of taking from it nutrients required for survival and virulence, such as iron, which is linked by a specific receptor called iron surface determinant B (IsdB); these receptors are able to carry heme across the cell wall and cytoplasmic membrane: thus, iron becomes available as a nutrient within the bacterial cell (10) . In this context, MAL, as a precursor of Protoporphyrin IX, might be easily seized into bacterial cell: this could explain the efficacy of treatment against S. aureus infection. Moreover, PDT could promote wound healing enhancing re-epithelialization, granulation tissue formation and collagen organization (5) .
Therefore, although further studies are necessary, we assume that the MAL-PDT could represent a valid therapeutic option in the treatment of chronic ulcers infected by Gram-positive microorganisms, such as S. aureus, due both to its efficient bactericidal action and to the absence of resistance induction.
